Pseudomonas aeruginosa P. aeruginosa (PA) is a Gram-negative bacillus which, is tolerant of a wide variety of physical conditions, has minimal nutrition requirements, and is a major opportunistic pathogen 1, 2 . PA appears sporadically in drinking water distribution systems, but seems to occur at a higher frequency in premise plumbing systems compared to water mains 3, 4 . PA is one of the most common and problematic bacteria in healthcare facilities, and is responsible for approximately 10-20 % of hospital-associated infections (HAI) (pneumonia, wound infections, blood stream infections and urinary tract infections) in intensive care units (ICUs) 5-10 . Length of stay, severity of underlying disease and exposure to invasive procedures, bacterial adherence, virulence factors, and antimicrobial drug resistance are associated with PA © 2016, Pall Corporation PA may colonise biofilms in water systems and be released from the outlet.
thrive in water fittings including the faucet body, connectors and flow straighteners, sinks, drains, toilets, shower heads and hoses 19, 22, 23 . Automatic sensor faucets have been shown to be more likely to become contaminated than non-sensor manual outlets 19 .
PA has been observed growing within drinking water biofilms 3, 24 , thus protected and more difficult to eradicate than planktonic bacteria 2, 25 . PA is resistant to chlorine and other disinfectants used in water treatments 2, 26 and may survive in the hospital ward environment even after disinfection 27 , increasing the risk of acquisition by patients 28 . PA living in biofilms exerts a higher resistance towards disinfectants due to the mechanical protection provided by the biofilm matrix 29 - 31 . It has been shown that the use of sublethal concentrations of chlorine-based oxidising agents (sodium hypochlorite, chlorine dioxide, electrochemically activated chlorine, continuous treatment with 0.15 ppm chlorine or shock treatment with 10 ppm chlorine for 6 hours (h)) can lead to a cyclical regrowth of biofilm after treatment end and the survival of PA living in the biofilm. Under unfavourable operating conditions in a drinking water system, PA has been shown to survive sequentially 24 h 50 parts per million (ppm) chlorine dioxide (ClO 2 ), 3 minutes (min) 70 °C and 24 h 50 ppm ClO 2 27 .
In a large hospital in Taiwan, a comparative study on infection rates with and without continuous treatment with ClO 2 has been described. Building 1 was continuously treated (over 11 months) with ClO 2 , whereas building 2 was not treated. In both cases infections were monitored.
The overall rate of non-fermentative Gram-negative bacilli nosocomial infections did not decline after ClO 2 disinfection.
Furthermore, PA infection rates increased in both buildings,
showing no evidence for a relationship between ClO 2 treatment and PA infection rates 32 .
PA is a major pathogen in cystic fibrosis patients with water being a source of infection 2, 33 . PA is also the organism most commonly detected in gastrointenstinal endoscopy-related and bronchoscopy-associated outbreaks 34 MDR Gram-negative bacteria (MDRGN) are defined as having 3 or more antimicrobial resistance mechanisms affecting different antibiotic classes 28 . The rise of antibiotic resistance in pathogenic bacteria is considered to be an emerging threat to human health and therefore of concern, being associated with increased mortality and limited treatment options 10, [38] [39] [40] . 46 . Infections with CRO are of particular concern as only a few treatment options remain for patients and outcomes are poor [47] [48] . (table 1) 35 .
Moreover, PA is a frequent cause of skin infections such as folliculitis 36 . With patients being released earlier from hospital, PA is increasingly recognized as a problematic water pathogen outside of hospital settings.
Due to the increasing numbers of immunocompromised patients and inherent resistance of PA to many antibiotics, hospitals are often facing the real problem of PA infection management as an important public health concern 37 . clinical samples isolated from the patients affected 19 .
In a review from different European ICUs a genomic identity between tap water and colonised/infected patients has been shown in 19.2 -50 % of the reported cases 80 .
A prospective multicenter study performed in 10 French
ICUs evaluated the contributions of ICU environmental risk factors for PA acquisition and revealed previously contaminated faucet water in the room, and nursing workload were next to individual patient risk factors 6 .
In a Spanish NICU, PA outbreak was described with 9
infections and 1 colonisation. PA had been detected in tap water, which had been used to warm up mothers' milk. After introduction of sterile water instead of tap water, no further infection cases appeared 81 . www.pall.com/medical 7 6 There are 4 main presentations of PA infection: Infections are a causal agent of morbidity and mortality for burn patients 86, 87 . In a study of 176 burn care centres in North America, Pseudomonas spp. was seen as the most life threatening infections in thermally injured patients 86 .
A 6 year antibiotic susceptibility study in a US Burn Centre to analyse MDR isolates revealed Acinetobacter baumanii as the most prevalent organism, followed by PA 87 . Acinetobacter spp. the most frequent 86 .
Additionally, transmission of resistance genes between
Water for wound cleansing should be free of facultative pathogens [88] [89] [90] . The European Practice Guidelines for burn care state that removal of slough, non vital tissue and necrosis should be by abundantly cleaning and cleansing the wound with tap water (filtered), saline solution or sterile water in combination with mechanical debridement in order to reduce the bacterial load 90 . For the cleansing of wounds in immunocompromised patients, only sterile NaCl / Ringer solution or 0.2 µm filtered water should be used in Germany 89 .
By cleansing wounds with unfiltered or non-sterile water, waterborne microorganisms may colonise wounds, leading to infections.
Chronic lung infections are associated with increased morbidity and mortality for individuals with underlying respiratory conditions such as cystic fibrosis (CF) and chronic obstructive pulmonary disease (COPD) 54, 55, 58, 91 .
The process of chronic colonisation allows pathogens to adapt over time to cope with changing selection pressures, co-infecting species and antimicrobial therapies 92 . COPD is a leading cause of mortality worldwide and is associated with morbidity related to acute COPD exacerbations (AECOPD) 91 
PA infection prevention in the hospital ICU
Water has been demonstrated to be a common source of PA colonisation and infections 8, 37, 58, 80 using genotyping methods and comparing environmental with patients' PA strains 14, 80 . Control of environmental PA transmission is critical, and the rise of antibiotic resistance in pathogenic bacteria including PA, is considered to be an emerging threat to human health 34, 38, 42 . The intensive use of antibiotics is creating selective pressure favouring the acquisition and spread of antibiotic resistance among bacteria 40 . High awareness for attention to hand hygiene, especially with soap and water, is necessary 28 .
Installation of Point-of-Use (POU) Water Filters has been
shown to be an effective aid in reducing waterborne PA infection rates 18, 28, [103] [104] [105] [106] [107] as well as reducing critical PA contamination events 78, [108] [109] [110] [111] [112] (table 2) Walker et al. suggest hospitals determine which patients are at risk in augmented units and undertake a review of not just the water system, but also environmental cleaning practices and related best practice to assess possible faucet contamination with patients' bacteria, to evaluate patient contact with water on particular wards, and to assess other control measures that may be required in order to minimise risks to patients 19 .
In a 10 year Swiss study, an increase of hot water temperature to 149 °F (65 °C), eradication of multiresistant PA strains from the environment, and use of Point-of-Use Water Filters in burns and solid transplant organ patient rooms, have been found to be effective infection prevention measures in intensive care units 9 .
In an Italian haemato-oncological unit a significant increase of PA positive blood cultures was observed and environmental tests revealed contamination of > 50 % showerheads, faucets, basins and bidets.
Measures such as 5 minutes water flushing did not result in a decrease in infection rate. Installation of POU water filters led to a significant reduction in septicemia rate 103 .
In a surgical ICU, endemic PA infections were observed for a period of > 24 months, with tap water being persistently Comparison of a 5-month period with POU water filters installed at all outlets in a subacute care unit with 29 beds showed a significant reduction in ventilator-associated pneumonia ( VAP) cases (p = 0.0087), positive cultures for Pseudomonas (p = 0.0004) and upper respiratory colonisation with Pseudomonas (p = 0.0179) 110 . Tap water was implicated as the source of a PA outbreak in a US Neonatal ICU where 31 cases and 3 deaths were reported 113 . PA case clusters occurred before POU water filters were installed, and after they were removed. Residing in a room without a POU water filter was the strongest risk factor for patients having a positive PA culture. World Health Organisation (WHO) recommendations are recognised globally for drinking water quality requirements, and POU water filtration is listed as one suggested control measure for hospitals 114 . In addition POU Water Filtration recommended as a control measure against waterborne bacteria there are national and regional drinking water guidelines, several of which have integrated POU filtration as one control method to prevent transmission of waterborne pathogens to patients and users 28, 89, [115] [116] [117] [118] [119] [120] [121] .
Health care-associated infections (HAIs) can be associated with increased costs in the range of $7,453 -$15,155 per infected patient 122 (table 3) . Chronic PA infections in the cystic fibrosis population increased baseline costs by 39%. 123 PA is a major cause of pneumonia in the ICU and following a 6 year study period, patients with PA infection were calculated to have a higher total mean hospitalisation cost at $213,104 vs non infected patients at $33,851 (P<0.001) 124 . Additionally PA infected patients spent nearly 2 weeks longer in intensive care, and approximately 7 weeks longer in hospital than non-infected patients. MDR-PA had the highest mean incremental cost, which was approximately 7 x the cost of a non-infected patient 125 .
The use of POU water filters was shown to prevent 7.6 infections per 100 patients staying ≥ 3 days in the ICU, and 
